Current knowledge suggests that the antipsychotic effect of the typical antipsychotics is mediated by the ability to reduce mesolimbic dopaminergic activity, whereas the side effects related to the extrapyramidal motor system are caused by a decreased dopaminergic activity in the nigrostriatal system. 2 The introduction of clozapine with its unique pharmacological profile pointed to various theories. The unique effect of clozapine contributed to the relative preponderance of clozapine in the mesolimbic system. Other biochemical features have been related to its pharmacological profile. Clozapine has different affinities for the different dopamine receptor subtypes. 4 to D 2 receptors is also crucial. In the last few years, this limited thinking focused on dopamine receptors has been abandoned in favor of a broader approach including other neurotransmitter systems in neuronal circuits. Clozapine and the new atypical antipsychotics also influence other neurotransmitter systems, notably the serotonin (5-hydroxytryptamine) 5-HT 2A receptor, the α 1 and α 2 adrenergic receptors, and sometimes the histaminic and muscarinic receptors. Since biochemical and molecular genetic studies have failed to prove the dopamine hypothesis of schizophrenia and the broader view of other related neurocircuits, other theories of schizophrenia have been hypothesized (Figure 1 ).
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Immunology and schizophrenia
In addition to hypotheses surrounding the classic neurotransmitters, the glutamate hypothesis and the immunological and neurodevelopmental theories for schizophrenia came into play. Abnormalities of the immune system are being increasingly discussed, and there is much evidence that abnormalities of the immune system play a major role in the development of schizophrenia. Links with seasonality of birth, influenza epidemics during gestation, pathological findings in cerebrospinal fluid (CSF), and genetic findings on the chromosomes with genes for immune response have been reported.We found an imbalance of the T helper subset 1 and 2 immune cells, Th1 and Th2, in schizophrenia. 4 Th2 preponderance leads to a higher expression of humoral responses, which can be measured by the immunoglobulins, interleukin (IL) 4, and IL-6. The Th1 cells responsible for cellular response are related to IL-2 and IL-γ, which have lower levels in blood and CSF in schizophrenia (Table I ). In relation to this theory, new treatment strategies may soon be available for patients with schizophrenia. The question is whether it is possible to produce a reduction in the Th2 shift and an induction of the Th1 shift in schizophrenia. One of the current treatments for diseases of the immune system, like in rheumatology, is cyclooxygenase-2 (COX2) inhibitors. Interestingly, there is a negative correlation between the occurrence of schizophrenia and rheumatoid arthritis.
5 COX2 enhances production of IL-6 6 and IL-10 7 via prostaglandin E 2 , and inhibition of COX2 leads to a decrease in production of IL-10. On the basis of these theories, we carried out a clinical trial with a COX2 inhibitor, celecoxib, as an add-on therapy versus placebo. 8 In this double-blind, placebo-controlled, randomized trial with a parallel-group design, patients were treated with risperidone 2 to 6 mg/day plus celecoxib (400 mg/day) or risperidone 2 to 6 mg/day plus placebo. Twenty-five patients were included in each group. It was shown that the add-on therapy of COX2 inhibition significantly reduced the total score on the Positive and Negative Syndrome Scale (PANSS) compared with the risperidone-placebo group. Simultaneous measurement of plasma levels of risperidone did not show a difference. Further studies in a greater number of patients, which are currently underway, will hopefully support these preliminary results. 
Glutamate and schizophrenia
Possible links between abnormalities of the immune system and another neurotransmitter system, the glutamate system may exist, according to animal models of autoimmune diseases. Transgenic mice lacking IL-2 are susceptible to autoimmune diseases. Cytokines can influence the activity of the glutamate system. 9 The glutamate system is closely connected to dopaminergic and serotonergic neurons. Hypofunction of the N-methyl-D-aspartate (NMDA) receptor leads to increased dopaminergic activity in the frontal cortex. The NMDA glutamate hypothesis offers a possible link between the various theories surrounding the immune system and the hypothesis related to neurotransmitters.The growing importance of amino acid transmitters like glutamate was recognized from neuroimaging studies and neuro-pathological findings showing an involvement of the cerebral cortex (in which the major neurons are glutamatergic) in the neuropathology of schizophrenia. Further support came from the psychotomimetic effects of the NMDA-receptor antagonists phenylcyclidine (PCP), dizocilpine (MK-801), and ketamine. The theories focused on these NMDA receptors because of the psychomimetic effects of NMDA antagonists. Most notably, PCP and ketamine can induce symptoms related to schizophrenic symptomatology in healthy human subjects. Positive symptoms like grandiose paranoid delusions, bizarre ideation, and hallucinations have been described, as have negative symptoms like blunted affect and psychomotor retardation. Furthermore, cognitive deficits related to circuits in the frontal cortex have been observed, like distractibility, reduced verbal fluency, and working memory deficits. Cognitive deficits related to temporal hippocampal circuits have also been reported, like the disruption of new learning and reduced prepulse inhibition of the startle response. In the so-called revised dopamine hypothesis, Carlsson underlined the central role of glutamate-γ-aminobutyric acid (GABA) in neuronal circuits, which are closely connected to other neurotransmitters, eg, dopamine, norepinephrine, serotonin, acetylcholine, and glycine. The glutamate receptor system offers multiple targets for pathogenesis and pathophysiology in schizophrenia, and is rather complex. Four classes of glutamate receptors, the NMDA, the amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA), the kainate, and the metabotropic receptors, each of which has a wide variety of subunits, form various receptor combinations, and can be differentiated on this basis (Figure 2) . 10 These NMDA antagonistic drugs lead to NMDA receptor hypofunction, which is due to the connections with the other neurotransmitter systems, producing an excessive release of excitatory trans-P h a r m a c o l o g i c a l a s p e c t s 
Site of cytokine
A Th2 shift in schizophrenia with predominant negative symptoms and treatment resistance mitters in the cerebral cortex, and with other transmitters like dopamine. It is of interest that these psychotomimetic effects are only seen in adults, and not in children or young adolescents. 11 It is therefore postulated that the effects depend on the maturation of the brain and that an intact wiring of all neurons is necessary to produce such effects, and that this is only finalized during adolescence. Animal experiments show that, depending on the severity or grade of NMDA receptor hypofunction, the first psychotomimetic effects occur later than the neurotoxic effects, which lead to neurodegeneration of cells. Chronic treatment with certain drugs like olanzapine, clozapine, lamotrigine, α 2 -adrenergic agonists, and perhaps antimuscarinic agents could prevent these neurotoxic effects. The NMDA receptor is, in addition to the L-glutamic acid-responsive recognition site, also modulated via the glycine-B receptor, indicating that the inhibitory amino acid glycine could have antipsychotic properties. Animal models have been developed to test antipsychotic agents on the basis of the reduced prepulse inhibition of the startle response, which can be observed in schizophrenic patients. 12 Prepulse inhibition is used as a model for attentional processes, and NMDA antagonists can disrupt prepulse inhibition. This disruption in prepulse inhibition can be prevented by atypical antipsychotics like clozapine, risperidone, quetiapine, and olanzapine. 13 Most recently, artificial neuronal networks have been cultured on microelectrode arrays to evaluate new drugs in a very effective manner. For example, primary embryonic rat spine neurons have been cultured on microelectrode arrays. These neuronal networks display in vitro complex spatiotemporal spike and burst patterns, which are highly sensitive to their chemical environment and allow precise pharmacological manipulations free of homeostatic interference. 14 Preliminary results have been reported with the cannabinoid agonists anandamide and methanandamide. Anandamide and methanandamide reversibly inhibited spike and burst production in these neuronal networks. Similarly, a dose-dependent stimulatory effect of glutamate on extracellular neuronal potentials has been recorded. First, an increased frequency of spikes was observed with serial elevations of the glutamate concentration; exposure to higher levels resulted in functional neurotoxicity. This new methodology allows a very rapid testing of new drugs, to determine which interfere with the glutamate system. In this way, complex and expensive animal experiments can be drastically reduced.
Future directions
The reported theories can be tested in humans with new molecular biological techniques related to the pharmacogenetics and pharmacogenomics of drugs. 15 According to the recently completed draft sequence, the human genome comprises about 30 000 to 35 000 genes. At least half of them are expressed in the brain. These could be targets for psychotropic drugs and therefore be related to the pathophysiology of mental disorders. An important challenge for pharmacogenetic studies is to choose candidate genes that may be relevant to drug response. There are three ways to achieve this goal:
• Knowing the mechanism of action of the drugs.
• Identifying the genes that are switched on or off, using expression studies.
• Identifying the susceptibility loci for the psychiatric disorders, using linkage or association studies. Since the genes are expressed by messenger RNA and this is translated into proteins that will determine the functioning of the brain, the method of proteomics offers another route to new drug targets. 16 The essence of proteomics is the identification of proteins that are uniquely expressed in brain tissues. Protein expression profiles in disease are compared with known disease tissues. This can be done in postmortem brains, CSF, and peripheral blood cells like lymphocytes. This can be a powerful approach to overcome the problem of genome-based technologies that do not consider differences between DNA structure, gene expression, and the functions of the proteins. Preliminary results have already been reported, but so far in an inconsistent manner. 17, 18 The major difficulty is the collection of representative tissue samples. Most sample brain tissue comes from postmortem brains and suicide victims, but it must be representative so as to avoid pitfalls due to different times after death and different unknown treatments. With the help of pharmacogenomics and proteomics, an individualized therapy can be offered to each patient, to overcome the problem of heterogeneity of the disease and heterogeneity of therapeutic response. ❏ Desarrollos en la terapia antipsicótica basados en las hipótesis para la esquizofrenia 
